1.1.1.39] has been isolated from cauliflower bud mitochondria and partially purified.
2. The enzyme is specific for L-malate and has an absolute requirement for either Mn2+, Co2+ or Mg2+. 3. The enzyme shows activity with both NAD+ and NADP+, but NAD+ is the preferred cofactor. 4. No appreciable oxaloacetate decarboxylase activity is present in the enzyme preparations even at low pH values. 5. The enzyme is inhibited by NADH and by oxaloacetate and stimulated by S042-and by low concentrations of CoA. 6. The regulatory properties of the enzyme support the proposed role of the enzyme in the utilization of tricarboxylic acid-cycle acids for energy production when glycolysis is suppressed.
Recent work has shown that pyruvate is the major product of malate oxidation by isolated cauliflower bud mitochondria when pyruvate dehydrogenase is inhibited (Macrae & Moorhouse, 1970) . The pyruvate is formed directly from malate by a mitochondrial NAD-requiring 'malic' enzyme [L-malate-NAD oxidoreductase (decarboxylating), EC 1.1. 1.39] . This pathway appears to be present in a number of plant mitochondrial preparations which show rapid malate oxidation rates (Macrae, 1971) and may also operate in Ascaris muscle mitochondria (Papa, Cheah, Rasmussen, Lee & Chance, 1970) .
NAD-requiring 'malic' enzymes occur in some micro-organisms (Ochoa, Verga Salles & Ortiz, 1950; Nathan, 1961; Temperli, Kunsch, Meyer & Busch, 1965; London & Meyer, 1969a;  Takeo, 1969) and in invertebrates (Saz & Hubbard, 1957; Pritchard & Schofield, 1968 ), but had not been detected in higher plants. Therefore, in this paper I report the partial purification and some properties of the 'malic' enzyme from cauliflower bud mitochondria. The properties of the enzyme are compared with those of other 'malic' enzymes. Because of the proposed role of the mitochondrial enzyme in the utilization of malate by plants (Macrae & Moorhouse, 1970) and the regulatory properties of some bacterial 'malic' enzymes (Sanwal & Smando, 1969; Sanwal, 1970; London & Meyer, 1969b) (Macrae & Moorhouse, 1970) .
Protein determination. Protein was estimated by the method of Lowry, Rosebrough, Farr & Randall (1951) .
* Abbreviation: TES, N-tris-(hydroxymethyl)methyl-2-aminoethanesulphonic acid.
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Mitochondria were prepared from about 300g of cauliflower buds as described by Macrae & Moorhouse (1970) . The mitochondria were suspended in lOml of 20mm-TES buffer, pH6.8, containing 50mM-merCaptoethanol and 5 mM-MgCl2. The resulting mixture was sonicated for 3min (power output about 50W) and then centrifuged at 150000g for 30min. The supernatant, which contained the crude 'malic' enzyme, was collected and a small sample was assayed for 'malic' enzyme, malate dehydrogenase and protein content.
After dilution of the remainder of the supernatant to 30ml, (NH4)2S04 was added to it. The fraction precipitating between 0 and 60% saturation was collected and dissolved in a small quantity of the TES buffer. A portion was assayed for enzyme and protein content. After removal of (NH4)2804 with a Sephadex G-25 column, the remainder of the solution was diluted to 20ml with the TES buffer and a second (NH4)2S04 fractionation was performed. The fraction precipitating between 40 and 55% saturation was collected and dissolved in a small volume of TES buffer. A sample of this partially purified 'malic' enzyme solution was assayed for enzyme and protein content.
After removal of (NH4)2SO4 with Sephadex G-25 the partially purified 'malic' enzyme solution was chromatographed on a DEAE-Sephadex A-25 column (25 cmx 1.5 cm) by elution with a linear gradient of 0-0.4M-KCI in 20mM-tris buffer, pH 7.2, containing 50mM-mercaptoethanol and 5mM-MgCl2 (total volume 300 ml). The flow rate was 80ml/h. Fractions (7.5ml) were collected and assayed for 'malic' enzyme activity with both NAD+ and NADP+. A single peak of activity, eluted at 0.23m-KCI, was obtained. The fractions containing the activity were concentrated to a small volume with an Amicon Diaflo Ultrafilter . This purified enzyme solution was assayed for 'malic' enzyme, malate dehydrogenase and protein content.
RESULTS
Enzyme purification. Protein recoveries and the specific activities of the 'malic' enzyme at the various stages of purification are shown in Table 1 . A 14-fold purification of the enzyme was achieved by ammonium sulphate fractionation and DEAESephadex chromatography. In its purest form the 'malic' enzyme showed activity with both NAD+ and NADP+, but had no appreciable malate dehydrogenase (L-malate-NAD oxidoreductase; EC 1.1.1.37) activity.
The poor recovery of 'malic' enzyme activity after DEAE-Sephadex chromatography can be attributed to the instability of the enzyme in solution. Dilute solutions of the enzyme were found to lose activity rapidly, especially at high salt concentrations. This loss of activity was slowed down by addition of 50mM-mercaptoethanol, but other possible protectors tested were without effect. Because of the instability of the enzyme in solution, the partially purified enzyme obtained by ammonium sulphate fractionation was used in most of the experiments described below. The precipitated protein could be stored at -20°C with only slow loss of 'malic' enzyme activity.
Stoicheiometry of the 'malic' enzyme reaction. Previous results showed that pyruvate formation by a crude 'malic' enzyme preparation was stoicheiometric with NAD(P)+ reduction under a variety of conditions (Macrae & Moorhouse, 1970) . This stoicheiometry was confirmed by using the partially purified enzyme in a prolonged incubation from which samples were taken at 5min intervals and assayed for NADH and pyruvate formation (Table 2) . pH optimum. The 'malic' enzyme reaction rate as a function of pH is shown in Fig. 1 . With 5mM-malate, lmM-NAD+ and 2mM-Mn2+ the optimum pH for the reaction was between pH6.7 and 6.9.
Substrate specificity. The partially purified enzyme was highly specific for L-malate. Citrate, isocitrate, fumarate, succinate and tartronate were totally ineffective as substrates for the enzyme, and D-malate and f-hydroxybutyrate reacted at approximately one-hundredth of the rate with L-malate. At pH6.8, with lmM-NAD+ and 2mM-Mn2 , the Km for L-malate was 0.48mM. et al. 1950; Temperli et al. 1965; Takeo, 1969; Walker, 1962; Kun, 1963) , the cauliflower mitochondrial enzyme has no appreciable oxaloacetate decarboxylase activity. Reductive carboxylation of pyruvate. The 'malic' enzyme reaction is reversible and at high concentrations of C02 reductive carboxylation of pyruvate to malate can normally be observed (Walker, 1962; Kun, 1963) . When the cauliflower mitochondrial to the presence of S042-ions in the since addition of 20mm-ammoniun 20mM-potassium sulphate to incuba containing the crude enzyme also res of activation by CoA (Table 6) . ' accompanied by an increase in the E enzyme in the absence of CoA. Pota and ammonium chloride had little 'malic' enzyme reaction rate. Fig. 3 (Fig. 3) and double-reciprocal plots of the results incubation mix-were non-linear. Hill plots (Atkinson, Hathaway & s of L-malate, Smith, 1965) of the results showed that addition of nol of TES and CoA raises the interaction coefficient from 1.1 to of 3.0ml. Final 1.9 (Fig. 4) 
DISCUSSION
The results presented above suggest that the cauliflower mitochondrial 'malic' enzyme may be placed in the same category as the 'malic' enzymes from Ascaris lumbricoides and Fasciola hepatica. These enzymes have NAD+ as the principal cofactor but, in contrast with the NAD+-requiring malic enzymes from micro-organisms, show some activity with NADP+ and do not catalyse the decarboxylation of oxaloacetate (Saz & Hubbard, 1957; Pritchard & Schofield, 1968) . No information is available about the cellular localization of the 'malic' enzyme in Faciola, but like the cauliflower enzyme the Ascaris muscle enzyme occurs in the mitochondria and appears to be involved in the oxidation of malate (Papa et al. 1970) . It seems possible that NAD+-requiring 'malic' enzymes will be found in the mitochondria of many eukaryotes that can utilize malate or other tricarboxylic acid-cycle acids for energy production.
The 'malic' enzymes from micro-organisms are subject to complex control mechanisms. In Escherichia coli the NADP+-requiring enzyme is inhibited allosterically by acetyl-CoA, oxaloacetate, NADH and NADPH (Sanwal & Smando, 1969) , whereas the NAD+-requiring enzyme is inhibited by CoA and ATP and stimulated by aspartate (Sanwal, 1970) . The NAD+-requiring enzyme from Streptococcu8 faecalis is inhibited allosterically by nucleoside triphosphates and several glycolytic intermediates (London & Meyer, 1969b) , and the Neurospora enzyme is inhibited by aspartate and oxaloacetate (Zink, 1967) .
The inhibition by NADH and oxaloacetate and the activation by sulphate and CoA show that the cauliflower mitochondrial 'malic' enzyme also possesses complex regulatory properties. Detailed kinetic analysis of the influence of the effectors on the enzyme reaction is required before their mechanism of action can be established. However, the preliminary results reported here suggest that NADH may act as a straightforward competitive inhibitor, whereas stimulation by CoA involves complex subunit interactions.
The activation by CoA, especially at high malate concentrations, and the inhibition by NADH support the proposed role of the mitochondrial 'malic' enzyme in the utilization of malate or other tricarboxylic acid-cycle acids for energy production when glycolysis is suppressed (Macrae & Moorhouse, 1970) . Thus the supply of pyruvate to the mitochondria from glycolysis will be reflected in the mitochondrial CoA concentrations, so that a cessation of glycolysis will lead to a build-up of free CoA in the mitochondria. Such a situation would cause a stimulation of the mitochondrial 'malic' enzyme leading to accelerated pyruvate formation from malate and a continuation of respiration by total oxidation of malate or one of the other tricarboxylic acid-cycle acids. In addition it has been suggested that the NAD+/NADH ratio, which reflects the ATP/ADP ratio by operation of the electron-transport chain, is a major regulatory factor in respiration by both animal (La Noue, Nicklas & Williamson, 1970) and plant (Coultate & Dennis, 1969) mitochondria. The comparatively small inhibition of the 'malic' enzyme by oxaloacetate is probably of no physiological significance, since mitochondrial concentrations of oxaloacetate are very low because ofthe equilibrium ofthe malate dehydrogenase reaction and the presence of transaminases.
